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a b s t r a c t
Background: Lycium barbarum (also called wolfberry), a famous Chinese traditional medicine and food
ingredient, is well recognized for its significant role in preventing obesity; however, the molecular mechanisms underlying its preventive effects on fat accumulation are not well understood yet. The aim of this
study was to determine the effects and mechanism of Lycium barbarum polysaccharides (LBP) on the proliferation and differentiation of 3T3-L1 preadipocytes. MTT was used to detect the proliferation of 3T3-Ll
preadipocytes. Oil red O staining and colorimetric analysis were used to detect cytosolic lipid accumulation during 3T3-L1 preadipocyte differentiation. Real-time fluorescent quantitative PCR (qPCR) technology was used to detect peroxisome proliferator-activated receptor c (PPARc), CCAAT/enhancer-binding
protein a (C/EBPa), adipocyte fatty-acid-binding protein (aP2), fatty acid synthase (FAS), and lipoprotein
lipase (LPL) expression.
Results: The concentration of LBP from 25 to 200 lg/mL showed a tendency to inhibit the growth of preadipocytes at 24 h, and it inhibited the differentiation of 3T3-L1 preadipocytes in a dose-dependent manner. In the preadipocytes treated with 200 lg/mL LBP, there were reduced lipid droplets in the cytoplasm,
and its effect was opposite to that of rosiglitazone (ROS), which significantly reduced the PPARc, C/EBPa,
aP2, FAS, and LPL mRNA expression of adipocytes.
Conclusions: LBP exerts inhibitive effects on the proliferation and differentiation of 3T3-L1 preadipocytes
and decreases the cytoplasm accumulation of lipid droplets during induced differentiation of preadipocytes toward mature cells. Above phenomenon might link to lowered expression of PPARc, C/EBPa, aP2,
FAS, and LPL after LBP treatment. Thus, LBP could serve as a potential plant extract to treat human obesity
or improve farm animal carcass quality via adjusting lipid metabolism.
How to cite: Xu X, Chen W, Yu S, et al. Inhibition of preadipocyte differentiation by Lycium barbarum
polysaccharide treatment in 3T3-L1 cultures. Electron J Biotechnol 2021;50. https://doi.org/10.1016/j.
ejbt.2021.01.003
Ó 2021 Pontificia Universidad Católica de Valparaíso. Production and hosting by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction
Adipose is an important energy metabolism and endocrine tissue in the body [1,2]. Existed studies have shown that excess lipid
deposition in livestock and poultry adversely affects carcass quality and the health of consumers and do not greatly contribute to
the taste and flavor of meat products [3,4,5]. For human health,
excessive accumulation of lipids causes suffering diseases, such
as type II diabetes, fatty liver, cancer, and hyperlipidemia [6,7,8].
The development of adipose tissue in the body is affected by
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genetic, environmental, and nutritional factors. Therefore, an indepth understanding of the molecular genetic mechanism of lipid
deposition will help to promote the understanding of fat development and advance in-depth research on obesity and related metabolic diseases.
The reverse process, the reduction of the differentiation and
proliferation of preadipocytes, by reducing fat synthesis in the
body or accelerating its decomposition, has become a difficult
problem to overcome. Many scholars at home and abroad have
studied whether the compounds isolated and extracted from plant
raw materials can regulate blood lipid metabolism and fat differentiation [9,10].
Lycium barbarum polysaccharide (LBP) is the main reactive component of Chinese medicine Lycium barbarum, which has various
functions such as immunoregulation, blood lipid lowering,
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2.4. Effects of LBP on the expression of PPARc, C/EBPa, aP2, FAS and LPL
mRNA in 3T3-L1 adipocytes

anti-lipid peroxidation, anti-aging, and anti-tumor [11,12,13]. It
has also been found in previous studies to help weight loss, regulate blood lipids, and have antioxidant effects [14,15]. This article
discusses the effects of LBP on the proliferation and differentiation
of 3T3-L preadipocytes cultured in vitro, and two factors closely
related to PPARc, C/EBPa, aP2, FAS, and LPL. A preliminary discussion of their related mechanisms was provided as the basis for
the development and utilization of wolfberry in weight loss
activity.

In a 12-well culture plate, the differentiation of preadipocytes
and drug intervention were the same as before. On the eighth
day of differentiation, the culture supernatant was discarded, and
the cells were collected for use. Real-time polymerase chain reaction was used to detect the expression of PPARc, C/EBPa, aP2, FAS,
and LPL mRNA. The TRIzol Reagent Kit was used to extract the total
RNA of each group of cells. One microlitre of RNA sample was
added to 99 lL of ultrapure water, colorimetric analysis was performed on a UV spectrophotometer, and the purity of RNA was
determined using the ratio of A260 and A280. A260/A280 is
between 1.7 and 1.9. Primers were synthesized by Shanghai Bioengineering Technology Services Co., Ltd. Primer information is
shown in Table 2. Reverse transcription into cDNA was performed
using the AMV First-Strand cDNA Synthesis Kit (Sangon Biotech,
Shanghai). The reaction consisted of 1 lg of RNA from each sample
and 1.0 lL of Oligo-dT, and DEPC water was added to a final volume of 12 lL. The samples were left at 70°C for 5 min, and then
4 lL of 5  RT buffer, 1.0 lL of RNasin, and 2 lL of dNTP were
added and mixed. After 5 min at ℃, 1.0 lL of M-MLV was added,
for a total volume of 20 lL. After 60 min at 42°C, and then at
70°C for 10 min, the reaction was terminated on ice, and cDNA
was synthesized. PCR consisted of 5.0 lL of 5  RT-PCR buffer,
0.3 lL of 250 mmol/L MgCl2, 0.75 lL of 10 mmol/L dNTP, 1.0 lL
of 10 lmol/L primer, 1.0 lL of 25  SYBR Green Ⅰ, 1.0 lL of
103  Calibration, 0.25 lL of 5 U/lL HS Ex-Taq enzyme, 1.0 lL of
template, and DEPC H2O in a final volume of 25 lL. Amplification
conditions included pre-denaturation at 95°C for 3 min, and then
75 cycles at 95°C for 20 s and 60°C for 20 s. After the reaction,
Sequence Detection System software was used to analyze the
threshold cycle (CT) value of each sample detected in the PCR process. The CT value decreased as the template concentration
increased. Therefore, the real-time quantitative PCR results
showed exactly the same CT value. The mRNA expression level is
reversed, and the statistical data were converted into a linear form
for statistical processing using the 2DDCT calculation.

2. Materials and methods
2.1. Culture and induced differentiation of 3T3-L1 preadipocytes
3T3-L1 preadipocytes were maintained in complete medium
(high-glucose DMEM containing 10% fetal bovine serum (FBS) in
incubator with at 37°C, and 5% CO2/95% air. They were inoculated
on a culture plate when the cells were in good condition. After the
cells grew to confluence for 2 days, complete medium containing
0.5 mmol/L isobutyl-3-methylxanthine (IBMX), 0.25 lmol/L dexamethasone (DEX), and 10 lg/mL insulin was used, and the cells
were cultured for 48 h. The DMEM was replaced with 10 lg/mL
insulin, and the cells were further cultured for 48 h. The cells were
then cultured in high glucose DMEM containing 10% FBS. The medium was changed every 2 days to induce differentiation of more
than 85% of 3T3-L1 cells for 8 to 12 days. It has a fat cell phenotype
and can be used in subsequent experiments.

2.2. Effect of LBP on proliferation of 3T3-L1 preadipocytes by MTT
method
Cells in the logarithmic growth phase were seeded at a density
of 5  104 cells/mL in a 96-well plate at 100 lL per well. After 48 h
incubation, the medium was replaced with a complete medium
containing 0, 25, 50, 100, and 200 lgL1 LBP (Provided by Ningxia
Wolfberry Biological and Food Engineering Co., Ltd.), and blank
zeroing wells were set. Each group had 3 replicates in parallel.
After 24 h and 48 h, the cells were stained with MTT, the absorbance (A) at 492 nm was measured with a microplate reader and
adjusted the zero with a blank well, and the cell proliferation rate
was calculated according to the following formula: inhibition rate
(%) = (1Test group A492/Control group A492)  100.

2.5. Statistical analyses
Graph Pad Prism 5 was used for statistical processing and charting. The data are expressed as mean ± standard deviation (SD)s.
Comparisons between multiple groups were performed using single factor analysis of variance (ANOVA). Comparisons between the
two groups were performed using the t-test where P < 0.05 was
considered as statistically significant.

2.3. Quantitative detection of 3T3-L1 preadipocyte differentiation

3. Results

3T3-L1 preadipocytes were induced to differentiate as
described above. The blank control group (control, CON group),
Lycium barbarum polysaccharide intervention group (LBP group)
(LBP was purchased from Ningxia Wolfberry Biological and Food
Engineering Co., Ltd) and rosiglitazone intervention group (ROS
group) (ROS was purchased from Zhejiang Tianma Pharmaceutical
Co., Ltd) were set, and different intervention drugs were added to
the culture medium. The extraction process of LBP refers to Xu’s
method [16], and the concentration of LBP used in this study was
50% (the mass concentration of LBP in dried Lycium barbarum (w/
w)). LBP was 200 mg/mL (LBP solution concentration (w/v)), ROS
was 10 lmol/L, and an equal volume of normal saline was added
to the CON group. When the differentiation solution is added at
the same time, the drug is changed simultaneously with the culture solution. Oil red O staining was performed on the 8th day of
induced differentiation, and photographs were taken. After staining, the lipids in the cells were extracted with isopropanol, and
the OD510 value of the extracted solution was determined.

3.1. 3T3-L1 preadipocytes induced differentiation into mature
adipocytes
Before inducted differentiation, 3T3-L1 preadipocytes were
similar in shape with fibroblasts and were spindle-shaped with
no lipid droplets in the cytoplasm. On the 8th day after induction,
90% of 3T3-L1 preadipocytes differentiated into mature adipocytes.
They were characterized by abundant cytoplasm and a large quantity of large lipid droplets distributed around the nucleus, forming
a ‘‘ring-like” structure, which is a typical mature adipocyte morphology (Fig. 3 CON).
3.2. Effect of LBP on the activity of 3T3-L1 adipocytes
To determine whether LBP affects the growth of mature adipocytes, cells were treated with different concentrations of LBP (0, 25,
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50, 100, 200 lg/L) for 24 h, and cell viability was measured by MTT
assay. Obtained results showed that the LBP with concentration
ranging from 25 to 200 lg/mL showed a tendency to inhibit the
growth of preadipocytes at 48 h, and it also inhibited the differentiation of 3T3-L1 preadipocytes in a dose-dependent manner
(Table 1, Fig. 1).
3.3. Effect of LBP on lipid content of 3T3-L1 adipocyte
After Oil red O staining, isopropyl alcohol was used to lyse the
cells. The results showed that compared to the control group, the
intracellular lipid content of the LBP group was significantly lowered; however, compared to the ROS group, that was significantly
increased, suggesting that LBP can inhibit intracellular lipid accumulation (Fig. 3 and Fig. 4).
3.4. Effect of LBP on PPARc, C/EBPa, aP2, FAS and LPL mRNA expression
in 3T3-L1 adipocytes
After 8 days of LBP treatment of 3T3-L1 preadipocytes, the
mRNA expression levels of PPARc, C/EBPa, and FAS were significantly reduced compared to the CON group (P < 0.05); the mRNA
expression levels of PPARc, C/EBPa, LPL, and FAS were significantly
reduced compared to the ROS group (P < 0.05). In contrast, the
mRNA expression levels of aP2 and LPL were of no significant difference and did not change obviously compared to the CON group;
no significant difference was observed on the expression level of
aP2 between group (P > 0.05) (Table 2, Fig. 2).

Fig. 1. Inhibition rate of LBP on 3T3-L1 of preadipocytes.

4. Discussion
Due to drastic changes in modern lifestyles and dietary composition, obesity, as the core metabolic syndrome, has become one of
the most important non-infectious chronic diseases threatening
human health [17,18]. Adipose tissue is not only the body’s passive
fuel depot, but also is a large endocrine system that releases a variety of adipokines into systemic circulation that participate in the
regulation of the neuroendocrine-immune network [19,20]. The
abnormal differentiation of adipocytes can cause an excess amount
of body fat, which in turn leads to endocrine dysfunction of adipocytes, leading to insulin resistance and type Ⅱ diabetes [21,22].
The occurrence of obesity is affected by many factors. Excessive
nutrition and lack of exercise are the most important environmental factors, which lead to the imbalance of energy intake and consumption by human body [23]. Excessive energy can cause
pathological growth of adipocytes, such as the proliferation and
differentiation of preadipocytes and excessive hypertrophy of
mature adipocytes [24]. The regulation of adipocyte proliferation
and differentiation is a major factor affecting insulin resistance
caused by obesity, and it is also one of the ways to improve insulin
sensitivity and insulin resistance [25,26]. Therefore, inhibiting the
formation of mature adipocytes and the formation of lipid droplets

Fig. 2. Effects of LBP on PPARc, C/EBPa, aP2, FAS, and LPL mRNA expression in 3T3L1 adipocytes. * indicate significant difference (P < 0.05) between tested different
treatment group according to t-test.

are two important ways to prevent obesity. In recent years, the
regulation of adipocyte differentiation and its relationship with
the pathogenesis of obesity and insulin resistance has been a hot
topic at home and abroad [27,28]. Therefore, the regulation of
the proliferation and differentiation of adipocytes and their relationship with the pathogenesis of obesity and insulin resistance
have become global hotspots.
Lycium barbarum polysaccharide (LBP) is an important active
ingredient in wolfberry, which is a traditional medicine and food
ingredients [29]. Modern researches prove that the polysaccharides in wolfberry are one main reactive component for its outstanding efficacy in various fields. It is one of the hotspots in the
research field of wolfberry and polysaccharides [30,31]. Verifying
the effects of LBP on the proliferation and differentiation of adipocytes is of great significance for the prevention and reduction of
metabolic diseases such as type II diabetes, hypertension, dyslipidemia, and atherosclerosis, which are closely related to obesity
and insulin resistance. Past study found that activin a plays a critical role in proliferation and differentiation of human adipose progenitors [32]. Bai (2008) found that modulation of Sirt1 by
resveratrol and nicotinamide alters proliferation and differentiation of pig preadipocytes [33]. Therefore, it is of great significance
to research and develop natural products that regulate lipid

Table 1
Effects of LBP on proliferation of 3T3-L1 preadipocytes.
Concentration (mg/ml)

A492

0
25
50
100
200

0.842
0.774
0.758
0.761
0.696

±
±
±
±
±

0.024
0.037*
0.029*
0.047*
0.034*#

*, # indicate significant difference (P < 0.05) between tested different treatment
group according to t-test.
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Fig. 3. Effects of LBP on differentiation of 3T3-L1 preadipocytes (red O staining, 200). 3T3-L1 preadipocytes were treated with LBP (200 lg/mL) and ROS (10 lmol/L),
respectively, during cell differentiation. Pictures were taken at the 8th day. Vacuolus in the pictures represented lipid droplet and the degree of differentiation. UDP:
undifferentiated preadipocytes; CON: normal control group; LBP: Lycium barbarum polysaccharide-treated group; ROS: rosiglitazone-treated group.

stimulation of the inducer, the preadipocytes enter a specific cell
division phase and begin clonal expansion; finally, the cells enter
the terminal differentiation stage and differentiate into mature
adipocytes, and cloned proliferation ceases [35,36].
In the present study, we used the MTT method to detect the
proliferative activity of 3T3-L1 cells when they differentiate into
mature adipocytes. Our results showed that normal 3T3-L1 cells
had a vigorous growth state, good extensibility, and long

metabolism safely and effectively. Further research on its physiological activity is beneficial to its development and utilization.
In vitro models of adipocytes are invaluable in determining the
mechanism of their proliferation, differentiation, secretion of
adipokines, and gene/protein expression [34]. The differentiation
of 3T3-L1 preadipocytes allows the preadipocytes to proliferate.
When the cells are confluent and enter the contact inhibition
stage, the cells stop dividing and proliferation; then, under the
56
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found that with the inducting of maturation of 3T3-L1 preadipocytes, the expression levels of PPARc, C/EBPa, LPL, FAS, and aP2
mRNAs gradually decreased, which were contrary to the role of
rosiglitazone (ROS). In turn, it initiates the downstream transcription of a series of genes related to lipid metabolism enzymes, accelerates the oxidation and decomposition of fat, and thereby
improves the disorder of lipid metabolism. This may be the mechanism of LBP to improve the disorder of lipid metabolism [38]. This
suggests that LBP may inhibit adipocyte differentiation and maturation by inhibiting the expression of key factors of adipocyte differentiation PPARc, C/EBPa LPL, FAS, and aP2 mRNA, which may be
one of its mechanisms to improve insulin sensitivity [39].
However, the synthesis and breakdown of lipids in normal adipocytes are maintained in a dynamic balance, and imbalances in
any aspect can cause related diseases [40]. It is speculated that
LBP inhibits the differentiation of adipocytes by reducing the
expression of PPARc, C/EBPa, aP2, FAS, and LPL mRNA, then inhibits
the accumulation of lipids in adipocytes and the differentiation of
preadipocytes into mature adipocytes, and increases the uptake
and utilization of glucose. The accumulation of lipids eventually
delays the increase in body weight, thereby improving its lipid
and carbohydrate metabolism. It shows that LBP can affect fatty
acid synthesis and metabolism in 3T3-L1 cells by regulating the
expression of FAS. The expression of the LPL gene does not play a
key role in the differentiation and lipid metabolism of 3T3-L1 cells
by LBP.
LBP can reduce fatty acid synthesis, increase decomposition,
and increase free fatty acids in the body’s adipocytes, which may
cause ectopic deposition of fat, thereby reducing insulin sensitivity
in metabolism-related organs. Because metabolic syndrome is a
complex disease, its formation includes the interaction of environmental and genetic factors. However, the mechanism linking LBP
and metabolic syndrome cannot be fully explained by an experimental model. This result can only explain a portion of the effect
of LBP on adipocytes in adipogenesis and breakdown. The role of
LBP in obesity and metabolic syndrome needs further study. Therefore, in the next experiment, we will use western blot technology
to further study the expression of major transcription factors that
control adipocyte differentiation to explore whether LBP can regulate the expression of transcription factors related to adipocyte
differentiation.

Fig. 4. Changes of lipid droplets during mature adipocytes lipolysis. * indicate
significant difference (P < 0.05) between tested different treatment groups
according to t-test.

Table 2
Primer sequences used for RT-PCR.
Gene name

Primer sequence (50 ?30 )

Accession

Product
size (bp)

PPARc

F: GCCAAGGTGCTCCAGAAGATGAC
R: GGTGAAGGCTCATGTCTGTCTCTG
F: TGCCCCTCAGTCCCTGTCTTTAG
R: GCCCTCCACCTCCCTGTAGC
F: AGCCAGGAGAACTTTGAGCCATTC
R: CCCTTGATGTCCTTCCCTTTCTGG
F: TGCCCGAGTCAGAGAACCTACAG
R: TGCCCGAGTCAGAGAACCTACAG
F: CGCTCTCAGATGCCCTACAAAGTG
R: TTGTGTTGCTTGCCATCCTCAGTC
F: GGCAAATTCAACGGCACAGTCAAG
R: TCGCTCCTGGAAGATGGTGATGG

U01664.1

103

BC058161.1

92

NC000069.6

80

NM007988.3

101

NM008509.2

80

GU214026.1

81

C/EBPa
aP2
FAS
LPL
GAPDH

spindle-shaped growth. The cells still have proliferative activity
during the terminal differentiation stage. Compared with the
CON and ROS groups, LBP can inhibit the proliferation of 3T3-L1
preadipocytes, and show a dose-responsive relationship, which
suggested that the administration of LBP regulates the proliferation
of preadipocytes.
3T3-L1 preadipocytes are triangular or polygonal. After induction, the cells gradually become round, and lipid droplets are
formed within cellular cytoplasm. Over the course of differentiation, the lipid droplets gradually increase in size, and the cell body
gradually becomes larger. After the preadipocytes differentiated
into adipocytes, the small lipid droplets inside the cells converged
into large lipid droplets, and the nucleus was located at the edge of
the cell. After the cells were stained with oil red O, the cell outline
was clearly visible under the microscope [37]. We observed that
200 lg/mL LBP reduces the synthesis of triglycerides in mature
adipocytes, decreases the accumulation of lipids, and increases
the hydrolysis of intracellular triglycerides, further preventing
the accumulation of lipids in adipocytes, thereby inhibiting fat cell
hypertrophy. After 8 days of differentiation of 3T3-L1 preadipocytes, 200 lg/mL LBP showed a certain inhibitory effect on cell differentiation. In addition, 25~200 lg/mL LBP can significantly
inhibit cell differentiation. At various time points of differentiation,
LBP had an inhibitory effect on the formation of cell lipid droplets
and is concentration-dependent and time-dependent. It can be
concluded that the lipid-lowering effect of LBP is based on the
truth of affecting the proliferation of cells by effectively inhibiting
the differentiation of cells and reducing the amount of lipid
droplets.
At the same time, adipocyte differentiation is carried out under
the regulation of differentiation-related transcription factors. We

5. Conclusions
In summary, LBP can inhibit 3T3-L1 preadipocyte proliferation
and decrease the expression of PPARc, C/EBPa, aP2, FAS, and LPL
mRNA expression, thereby inhibiting the conversion of preadipocytes to mature adipocytes and reducing their lipid production,
suggesting that LBP has potential pharmacological effects on regulating lipid metabolism and treating obesity.

Conflict of interest
The authors declare that they have no competing interests.

Financial support
This work was supported by the National Natural Science Foundation of China [grant numbers 31860625]; the Natural Science
foundation of Ningxia [grant numbers 2020AAC02030]; the Special
Fund for Fundamental Scientific Research Business of Central
University of North Minzu University [grant numbers
2018XYZSK03]; and Collaborative Innovation Center for Food Production and Safety [grant numbers PTN202001].
57

X. Xu, W. Chen, S. Yu et al.

Electronic Journal of Biotechnology 50 (2021) 53–58
[20] Coelho M, Oliveira T, Fernandes R. Biochemistry of adipose tissue: an
endocrine organ. Arch Med Sci 2013;9(2):191–200. https://doi.org/10.5114/
aoms.2013.33181. PMid:23671428.
[21] Galic S, Oakhill JS, Steinberg GR. Adipose tissue as an endocrine organ. Mol Cell
Endocrinol 2010;316(2):129–39. https://doi.org/10.1016/j.mce.2009.08.018.
PMid:19723556.
[22] Suganami T, Tanaka M, Ogawa Y. Adipose tissue inflammation and ectopic
lipid accumulation. Endocr J 2012;59(10):849–57. https://doi.org/10.1507/
endocrj.ej12-0271. PMid:22878669.
[23] Hopkins M, Finlayson G, Duarte C, et al. Modelling the associations between
fat-free mass, resting metabolic rate and energy intake in the context of total
energy balance. Int J Obes 2016;40(2):312–8. https://doi.org/10.1038/
ijo.2015.155. PMid:26278004.
[24] Kim JH, Kim OK, Yoon HG, et al. Anti-obesity effect of extract from fermented
Curcuma longa L. through regulation of adipogenesis and lipolysis pathway in
high-fat diet-induced obese rats. Food Nutr Res 2016;60(1):30428. https://doi.
org/10.3402/fnr.v60.30428. PMid:26822962.
[25] Shehzad A, Ha T, Subhan F, et al. New mechanisms and the anti-inflammatory
role of curcumin in obesity and obesity-related metabolic diseases. Eur J Nutr
2011;50(3):151–61.
https://doi.org/10.1007/s00394-011-0188-1.
PMid:21442412.
[26] DeFronzo RA. Insulin resistance, lipotoxicity, type 2 diabetes and
atherosclerosis: the missing links. The Claude Bernard Lecture 2009.
Diabetologia 2010;53(7):1270-1287. https://doi.org/10.1007/s00125-0101684-1 PMid:20361178
[27] Blüher M. Adipose tissue dysfunction contributes to obesity related metabolic
diseases. Best Pract Res Clin Endocrinol Metab 2013;27(2):163–77. https://doi.
org/10.1016/j.beem.2013.02.005. PMid:23731879.
[28] De Boer MP, Meijer RI, Wijnstok NJ, et al. Microvascular dysfunction: a
potential mechanism in the pathogenesis of obesity-associated insulin
resistance and hypertension. Microcirculation 2012;19(1):5–18. https://doi.
org/10.1111/j.1549-8719.2011.00130.x. PMid:21883642.
[29] Yi R, Liu XM, Dong Q. A study of Lycium barbarum polysaccharides (LBP)
extraction technology and its anti-aging effect. Afr J Tradit Complement Altern
Med
2013;10(4):171–4.
https://doi.org/10.4314/ajtcam.v10i4.27.
PMid:24146519.
[30] Li W, Li Y, Wang Q, et al. Crude extracts from Lycium barbarum suppress
SREBP-1c expression and prevent diet-induced fatty liver through AMPK
activation. Biomed Res Int 2014:196198. https://doi.org/10.1155/2014/
196198. PMid:25013763.
[31] Zhang X, Li Y, Cheng J, et al. Immune activities comparison of polysaccharide
and polysaccharide-protein complex from Lycium barbarum L. Int J Biol
Macromol 2014;65:441–5. https://doi.org/10.1016/j.ijbiomac.2014.01.020.
PMid:24530338.
[32] Zaragosi LE, Wdziekonski B, Villageois P, et al. Activin a plays a critical role in
proliferation and differentiation of human adipose progenitors. Diabetes
2010;59(10):2513–21. https://doi.org/10.2337/db10-0013. PMid:20530742.
[33] Bai L, Pang WJ, Yang YJ, et al. Modulation of Sirt1 by resveratrol and
nicotinamide alters proliferation and differentiation of pig preadipocytes. Mol
Cell Biochem 2008;307(1–2):129–40. https://doi.org/10.1007/s11010-0079592-5. PMid: 17851734.
[34] Poulos SP, Dodson MV, Hausman GJ. Cell line models for differentiation:
preadipocytes and adipocytes. Exp Biol Med 2010;235(10):1185–93. https://
doi.org/10.1258/ebm.2010.010063. PMid:20864461.
[35] Freise C, Erben U, Neuman U, et al. An active extract of Lindera obtusiloba
inhibits adipogenesis via sustained Wnt signaling and exerts antiinflammatory effects in the 3T3-L1 preadipocytes. J Nutr Biochem 2010;21
(12):1170–7. https://doi.org/10.1016/j.jnutbio.2009.09.013.
[36] Son YH, Ka S, Kim AY, et al. Regulation of adipocyte differentiation via
microRNAs. Endocrinol Metab 2014;29(2):122–35. https://doi.org/10.3803/
EnM.2014.29.2.122. PMid:25031884.
[37] Gallego-Escuredo JM, Gutierrez MDM, Diaz-Delfin J, et al. Differential effects of
efavirenz and lopinavir/ritonavir on human adipocyte differentiation, gene
expression and release of adipokines and pro-inflammatory cytokines. Curr
HIV Res 2010;8(7):545–53. https://doi.org/10.2174/157016210793499222.
PMid:21073442.
[38] Liu K, Czaja MJ. Regulation of lipid stores and metabolism by lipophagy. Cell
Death
Differ
2013;20(1):3–11.
https://doi.org/10.1038/cdd.2012.63.
PMid:22595754.
[39] Mayoral R, Osborn O, McNelis J, et al. Adipocyte SIRT1 knockout promotes
PPARc activity, adipogenesis and insulin sensitivity in chronic-HFD and
obesity.
Mol
Metab
2015;4(5):378–91.
https://doi.org/10.1016/
j.molmet.2015.02.007. PMid:25973386.
[40] Arner P, Bernard S, Salehpour M, et al. Dynamics of human adipose lipid
turnover in health and metabolic disease. Nature 2011;478(7367):110–3.
https://doi.org/10.1038/nature10426. PMid:21947005.

Acknowledgments
We thank Ningxia Chunhao Grass industry specialized cooperatives, for their kind help and cooperation during the sample
collection.
References
[1] Neto-Ferreira R, Rocha VN, Souza-Mello V, et al. Pleiotropic effects of
rosuvastatin on the glucose metabolism and the subcutaneous and visceral
adipose tissue behavior in C57Bl/6 mice. Diabetol Metab Syndr 2013;5(1):32.
https://doi.org/10.1186/1758-5996-5-32. PMid:23816341.
[2] Sellayah D, Bharaj P, Sikder D. Orexin is required for brown adipose tissue
development, differentiation, and function. Cell Metab 2011;14(4):478–90.
https://doi.org/10.1016/j.cmet.2011.08.010. PMid:21982708.
[3] Cordero G, Isabel B, Menoyo D, et al. Dietary CLA alters intramuscular fat and
fatty acid composition of pig skeletal muscle and subcutaneous adipose tissue.
Meat Sci 2010;85(2):235–9. https://doi.org/10.1016/j.meatsci.2010.01.004.
PMid:20374891.
[4] Cao FL, Zhang XH, Yu WW, et al. Effect of feeding fermented Ginkgo biloba
leaves on growth performance, meat quality, and lipid metabolism in broilers.
Poult Sci 2012;91(5):1210–21. https://doi.org/10.3382/ps.2011-01886.
PMid:22499881.
[5] Zeng Z, Yu B, Mao X, et al. Effects of dietary digestible energy concentration on
growth, meat quality, and PPARc gene expression in muscle and adipose
tissues of Rongchang piglets. Meat Sci 2012;90(1):66–70. https://doi.org/
10.1016/j.meatsci.2011.06.004. PMid:21703776.
[6] Pawlak M, Lefebvre P, Staels B. Molecular mechanism of PPARa action and its
impact on lipid metabolism, inflammation and fibrosis in non-alcoholic fatty
liver disease. J Hepatol 2015;62(3):720–33. https://doi.org/10.1016/j.
jhep.2014.10.039. PMid:25450203.
[7] Ng R, Wu H, Xiao H, et al. Inhibition of microRNA-24 expression in liver
prevents hepatic lipid accumulation and hyperlipidemia. Hepatology 2014;60
(2):554–64. https://doi.org/10.1002/hep.27153. PMid:24677249.
[8] Mitsutake S, Zama K, Yokota H, et al. Dynamic modification of sphingomyelin
in lipid microdomains controls development of obesity, fatty liver, and type 2
diabetes. J Biol Chem 2011;286(32):28544–55. https://doi.org/10.1074/jbc.
M111.255646. PMid:21669879.
[9] An S, Han JI, Kim MJ, et al. Ethanolic extracts of Brassica campestris spp. rapa
roots prevent high-fat diet-induced obesity via b 3-adrenergic regulation of
white adipocyte lipolytic activity. J Med Food 2010;13(2):406–14. https://doi.
org/10.1089/jmf.2009.1295. PMid:20132043.
[10] Marrelli M, Conforti F, Araniti F, et al. Effects of saponins on lipid metabolism:
a review of potential health benefits in the treatment of obesity. Molecules
2016;21(10):1404.
https://doi.org/10.3390/molecules21101404.
PMid:27775618.
[11] Cheng D, Kong H. The effect of Lycium barbarum polysaccharide on alcoholinduced oxidative stress in rats. Molecules 2011;16(3):2542–50. https://doi.
org/10.3390/molecules16032542. PMid:21415835.
[12] Wang J, Hu Y, Wang D, et al. Sulfated modification can enhance the immuneenhancing activity of Lycium barbarum polysaccharides. Cell Immunol
2010;263(2):219–23.
https://doi.org/10.1016/j.cellimm.2010.04.001.
PMid:20434140.
[13] Zhou SS, Jiang JG. Anti-fatigue effects of active ingredients from traditional
Chinese medicine: a review. Curr Med Chem 2019;26(10):1833–48. https://
doi.org/10.2174/0929867324666170414164607. PMid:28413958.
[14] Xiao J, Liong EC, Ching YP, et al. Lycium barbarum polysaccharides protect
mice liver from carbon tetrachloride-induced oxidative stress and
necroinflammation. J Ethnopharmacol 2012;139(2):462–70. https://doi.org/
10.1016/j.jep.2011.11.033. PMid:22138659.
[15] Shi GJ, Zheng J, Wu J, et al. Beneficial effects of Lycium barbarum
polysaccharide on spermatogenesis by improving antioxidant activity and
inhibiting apoptosis in streptozotocin-induced diabetic male mice. Food Funct
2017;8(3):1215–26. https://doi.org/10.1039/c6fo01575a. PMid:28225103.
[16] Gui Z. Research on lycium barbarum polysaccharid esextration by membrane
separation. Food Eng 2008;9(4). 23–25+31. TS255.3.
[17] Sishi B, Loos B, Ellis B, et al. Diet-induced obesity alters signalling pathways
and induces atrophy and apoptosis in skeletal muscle in a prediabetic rat
model.
Exp
Physiol
2011;96(2):179–93.
https://doi.org/
10.1113/expphysiol.2010.054189. PMid:20952489.
[18] Bellentani S. The epidemiology of non-alcoholic fatty liver disease. Liver Int
2017;37:81–4. https://doi.org/10.1111/liv.13299. PMid:28052624.
[19] Munsters MJM, Saris WHM. Body weight regulation and obesity: dietary
strategies to improve the metabolic profile. Annu Rev Food Sci Technol 2014;5
(1):39–51.
https://doi.org/10.1146/annurev-food-030212-182557.
PMid:24580072.

58

